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Abstract 
The goal of this study was to explore whether subjects who successfully completed a web-based 
computerized, eye movement and reading efficiency training program would retain their improved visual 
efficiency skills over time. Subjects for this investigation were drawn from the intervention groups of an 
earlier study by Bragg et al., assessing the effectiveness of the Taylor Associates PANE computerized eye 
movement efficiency and reading enhancement program. Subjects in the Bragg et. al. intervention groups 
trained either 2 times per week or 4 times per week for 1 0-weeks using the P AJVE and Reading Plus™ 
program. Based upon Visagraph II results, both the 2 times per week and 4 times per week training 
groups demonstrated significantly improved eye movement efficiency immediately following intervention. 
For this follow up investigation, a subset of twenty non reading-disabled subjects were recruited from the 
Bragg et. al. study for repeated Visagraph II measurement over time without the benefit of additional 
training. Our longitudinal study found that improvements in reading eye movement efficiency achieved 
immediately post-intervention were retained both after 10-weeks and 68-weeks post-intervention. 
Compared to pre-intervention, post-intervention mean fixations, regressions, reading rate, and relative 
efficiency scores were significantly better at both 1 0-weeks and 68-weeks, than before training. Although 
there was a skills regression trend at 68-weeks (slightly greater for 4 times per week training subjects), 
this decline did not achieve significance relative to pre-training, or even relative to the 10-weeks post-
intervention results. Based upon the results of this longitudinal investigation, it appears that eye 
movement efficiency improvement secondary to P A/VE training is retained for at least one year following 
training. This study together with the Bragg et. al. , study support the notion that the home-based 
computerized P A/VE training developed by Taylor and Associates can serve as a valuable tool for 
improving reading eye movements with non-reading disabled adults and that improvement are maintained 
for at least one year. 
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ABTRACT: 
The goal of this study was to explore whether subjects who successfully completed a 
web-based computerized, eye movement and reading efficiency training program would retain 
their improved visual efficiency skills over time. Subjects for this investigation were drawn 
from the intervention groups of an earlier study by Bragg et al., assessing the effectiveness of the 
Taylor Associates PANE computerized eye movement efficiency and reading enhancement 
program. Subjects in the Bragg et. al. intervention groups trained either 2 times per week or 4 
times per week for 1 0-weeks using the P AJVE and Reading Plus™ program. Based upon 
Visagraph II results, both the 2 times per week and 4 times per week training groups 
demonstrated significantly improved eye movement efficiency immediately following 
intervention. For this follow up investigation, a subset of twenty non reading-disabled subjects 
were recruited from the Bragg et. al. study for repeated Visagraph II measurement over time 
without the benefit of additional training. Our longitudinal study found that improvements in 
reading eye movement efficiency achieved immediately post-intervention were retained both 
after 10-weeks and 68-weeks post-intervention. Compared to pre-intervention, post-intervention 
mean fixations, regressions, reading rate, and relative efficiency scores were significantly better 
at both 1 0-weeks and 68-weeks, than before training. Although there was a skills regression 
trend at 68-weeks (slightly greater for 4 times per week training subjects), this decline did not 
achieve significance relative to pre-training, or even relative to the 10-weeks post-intervention 
results. Based upon the results of this longitudinal investigation, it appears that eye movement 
efficiency improvement secondary to P A/VE training is retained for at least one year following 
training. This study together with the Bragg et. al. , study support the notion that the home-based 
computerized P A/VE training developed by Taylor and Associates can serve as a valuable tool 
for improving reading eye movements with non-reading disabled adults and that improvement 
are maintained for at least one year. 
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INTRODUCTION: 
There are likely many tangible and intangible characteristics and skills that contribute to 
academic performance, but reading fluency is acknowledged as foundational to academic 
success. It is well beyond the scope of this paper to pick out and list every single factor that 
contributes to reading success; however inefficient eye movements have long been studied as a 
cause for poor reading abilities1-5. Reading eye movement patterns have been shown to be 
predictive of general reading efficiency and reading fluency. There is a long and rich history of 
intervention studies designed to improve reading eye movement efficiency and support for the 
concept that certain improvements, such as decreased fixations, decreased regressions, increased 
reading rate with comprehension, and relative efficiency of reading can be enhanced with 
training7-ll . As stated by Gognig13 ; attention, ocular motility, coordination, directional attack, 
visual memory, and fixation accuracy are factors that can be trained for fluent reading using eye 
movement training activities. Taylor and Associates have developed such a tool, the Reading 
Plus PANE and Guided Reading Therapy programs that can be used not only to assess 
oculomotor efficiency but also more importantly, to enhance those fundamental reading eye 
movement skills. In an earlier pilot study Iran et. al., trained five adult subjects using this 
training program. Results strongly suggested improvements in all eye movement characteristics 
assessed (fixations/1 00 words, Regressions/ I 00 words, Reading rate, Reading grade level 
efficiency) 16. In addition Bragg et. al. found that reading eye movements of adults were 
significantly improved after 10-weeks of training using the Reading Plus PANE and Guided 
Reading Therapy program. Their study used a non-random approach in assigning 94 subjects to 
one of three groups. Inclusion and exclusion criteria were loosely defined as follows: 
participants had to be 15\ 2nd, or 3rd year optometry students attending Pacific University College 
of Optometry (PUCO), their spouses, or friends of PUCO students. Other than a negative history 
for reading disability, no minimum or baseline visual performance criteria were required for 
inclusion. Prior to participation, none of the 94 subj ects reported having a prior diagnosed 
reading disability. Subjects were assigned to one of three groups based upon: motivation to 
participate in requisite training, sufficient time availability to train, and baseline reading eye 
movement efficiency grade level as determined by Visagraph II assessment. Ninety-four Bragg 
et. al. subjects were initially sorted into one of three groups: (2X) two times per week training, 
( 4X) four times per week training, or (NT) no-training (control). Individuals who scored above 
grade level ten on relative reading efficiency with the Visagraph II were steered towards the 2X 
group by the investigators; or they were assigned to the control group if they were not able to 
budget sufficient time from their schedules to participate in training, or otherwise indicated poor 
self-motivation to do the computerized training. The 4X group consisted primarily of those 
individuals who scored below grade level ten on Visagraph II relative reading efficiency, were 
available for training four times per week, and who expressed self-motivation to do the 
computerized training. Based upon their results, Bragg et. al. concluded that reading eye 
movement efficiency of adult subjects could be improved via Reading Plus P A/VE and Guided 
Reading Therapy, regardless ofbaseline efficiency level. Further, even though both 2X and 4X 
groups showed improvement after 10-weeks of training, the greatest relative improvement was 
apparent in the 4X group17. 
Reliable eye movement performance measures are absolutely vital to any study of 
reading eye movement efficiency. The Visagraph II and Developmental Eye Movement Test 
were used in both our study and its antecedent study 17. The Visagraph II System developed by 
Taylor Associates, has been one of the most widely used tools in past research to measure 
fixations, regressions, reading rate, and relative effici ency. Objective results from the Visagraph 
II have proven to be reliable in measuring the essential elements of reading eye movements and 
reading efficiency over a large number of trials14• Another well-documented tool for assessing 
eye movement performance is the Developmental Eye Movement Test (DEM) developed by 
Richman and Garzia. DEM performance has also been linked to certain symptoms associated 
with oculomotor dysfunction15. 
This current study is a continuation of the Bragg et. al. study, whose focus was to 
evaluate potential reading eye movement changes with non-reading disabled adult subjects, 
secondary to training with a computerized, home-based reading therapy program. What was not 
known was whether, the acquired P AJVE training benefits would quickly diminish, or be 
retained over an extended period of time subsequent to training. The main goal of our follow up 
study was to re-examine the Bragg study subjects longitudinally to see whether improvements in 
reading eye movement efficiency would be preserved over time. If improvement was 
maintained, we were also interested in whether there would be a different pattern of skill 
retention between the Bragg intervention groups whose baseline skills differed at the beginning 
of their study. In order to determine whether or not participants would keep the improved 
efficiency secondary toP AIVE (including Reading Plus™) training, we used the same Visagraph 
II measures as Bragg et. al., to measure the number of fixations/ I 00 words, number of 
regressions/} 00 words, reading rate with comprehension, and relative reading efficiency for this 
study. We hypothesized that much of the enhanced reading efficiency would be retained. 
METHODS and PROCEURES: 
All 20 subjects included in this current study were 3rd year optometry students who 
originally served in Bragg et. al. study as intervention group subjects (from both 2X and 4X 
groups). Participants for our study were recruited both by personal telephone calls and emails. 
The compensation offered for participation included: snack and beverages, in addition to 
education about personal reading eye movement efficiency that would be shared at the 
conclusion of this study. Subject enrollment was challenging for the current study because many 
of the subjects were entering their fourth year of optometry school and would be soon leaving for 
external rotations. Several other potential subjects, who were not leaving for external clinical 
rotation, were unwilling to participate; perhaps because the potential compensation was not 
proportional with the time investment required of them. 
Fifty-three individuals (mean age: 24.8 years; range: 21 years to 40 years) served as 
intervention group subjects in the preceding Bragg et. al., study (ninety-four total subjects 
including controls); however, a subset of only twenty subjects (mean age: 25.5 years; range: 24 
years to 31 years) from the original study agreed to participate in our follow up study. Of the 20, 
nine students (45%) had originally been enrolled in the 2X-training group, while the remaining 
11 (55%) were from the original4X-training group. For a portion of our analysis, we treated all 
20 subjects as a single group, but 2X and 4X subjects were grouped separately for the bulk of our 
analyses. A control group was not needed because the chief question posed by this study was 
whether intervention group changes as a result ofP AJVE would be preserved over time. The 
research protocol for our study was approved by the Pacific University Institutional Review 
Board (PUIRB). Informed consent documents, as approved by the PUIRB, were verified for 
each participant to determine eligibility. 
Four measuring periods were included in our analysis; pre-intervention, post-intervention 
data from the Bragg study, plus the 10-week and 68-week post intervention data that we 
gathered. The subjects were first evaluated with the Developmental Eye Movement (DEM) 
test 12 . To improve reliability, the DEM test was administered twice; the first time was to 
familiarize subjects with the test, and the second time was to identify the existence of an 
oculomotor dysfunction. All of the subjects demonstrated a normal Type I behavior (H/V ratio 
average, 1.01 ±0.10), as was also found by Bragg et al in the antecedent study. Table 4 below 
illustrates the individual H/V ratios for this study's subjects. 
After the initial DEM testing, the reading eye movements of each subject were 
objectively measured with the Visagraph II recording system (Taylor Associates, 200-2 E. 2nd 
Street, Huntington Station, NY 11746). If habitual correction was needed for reading, the 
goggles were placed over the correction. Each ofthe subjects read three Level 10 passages from 
the Visagraph II reading selection book. The first passage was read to familiarize the subjects 
with the entire process of reading with goggles and answering ten comprehension questions. The 
data from the second and third passages were recorded, averaged, and then compared to the data 
received from the Bragg et al study. Data was obtained for measurements immediately after 
training (10-weeks) and compared to data recorded 10 and 68-weeks post training. Figure 1 
below illustrates the Taylor normative values for the factors being tested in our research project, 
the same normative values were used in the Bragg et al study. 
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Figure 1: Normative values for grade level as determined by Taylor and Associates Visagraph II System. 
RESULTS: 
Table 1 below depicts Visagraph II group mean performance for all 20 subjects for the 
four measurement periods. Relative to pre-training, post-training improvement is apparent for all 
three post-intervention measurement periods for fixations, regressions, reading rate, and relative 
efficiency. Comparison with the Taylor norms (Fig 1) reveals that performance for each of the 
four parameters improved at least two grade levels from pre-training, to 68-weeks post-training. 
For all four parameters measured, each of the three post-intervention measures was significantly 
greater than pre-training, but no significance was found between the latter three post-intervention 
results. 
n=20 
WEEKS PRE POST 10-WEEKS 68-WEEKS POST POST 
FIXATIONS (SD) 98.7 (21.3) 70.0 (21.3) 70.8 (19.5) 76.5 (18.4) 
REGRESSIONS (SD) 13.6 (9.3) 5.8 (7.7) 5.7 (6.1) 6.9 (5.7) 
RATE (SD) 249.2 (50.5) 405.4 (115.4) 390.3 (102.6) 352.8 (93.3) 
RELATIVE EFFICIENCY (SD) 2.41 (0.90) 6.16 (2.82) 5.75 (2.51) 4.77 (2.31) 
Table 1: Average Vtsagraph measurements of the total group (n=20) at pre, post, 10-weeks post, and 68-weeks post 
intervention. 
Table 2 below depicts mean Visagraph II performance sorted by intervention group for 
the four measurement periods. Although baseline measures for the two groups differ pre-
training, it is apparent that immediate post-training mean values for the two groups are very 
similar. Whereas the 4X group seems to have improved more than the 2X group as a result of 
the training, the trend at 68-weeks suggests greater regression of skills for the 4X group. 
Post- 10-weeks 68-weeks 
2X Pre-intervention Intervention post post 
Fixations (SD) 89.6 (15.5) 67.9 (17.4) 69.7 (16.6) 71.0 (15.5) 
Regressions (SD) 9.2 (4.0) 5.2 (3.0) 4.9 (2.8) 5.0 (3.1) 
Rate (SD) 270.6 (47.7) 399.7 (116.6) 396.9 (106.4) 366.7 (93.6) 
Relative Efficiency (SD) 2.88 (0.92) 6.06 (2.80) 5.88 (2.70) 5.25 (2.28) 
Post- 10-weeks 68-weeks 
4X Pre-intervention Intervention post post 
Fixations (SD) 106.1 (23.1) 71.7 (24.8) 71.7 (22.4) 81.1 (19.9) 
Regressions (SD) 17.1 (10.9) 6.4 (10.2) 6.4 (8.0) 8.4 (7.0) 
Rate (SD) 231.7 (47.7) 410.1 (119.8) 384.9 (1 04.2) 341.5 (96.1) 
Relative Efficiency (SD) 2.02 (0.71) 6.24 (2.97) 5.64 (2.46) 4.38 (2.36) 
. . Table 2: Illustrates the average V1sagraph measurements of the 2X week trammg group and the 4X week trammg 
group pre, post, 10-weeks post, and 68-weeks post intervention. 
To assess retention of reading eye movement skills we analyzed the number of fixations, 
the number of regressions, the reading rate with comprehension (as did Bragg et. al.), but we also 
included, relative efficiency. A 2-factor Analysis ofVariance (ANOVA) was used to compare 
the four reading eye movement efficiency measures across the four different measurement 
periods. Scheffe post-hoc analysis was applied to determine p-values and compare significance. 
Fixations: 
Fixation values from Table 2 are graphically shown below in Fig 2a. There is an obvious 
decrease in the number of fixations from pre-intervention to post intervention for both 4X and 
2X group subjects. At 1 0-weeks post-intervention, there is a slight increase in the number of 
fixations that continues to 68-weeks, suggesting more regression for 4X group subjects. The 
number of fixations at 68-weeks post-training is still22% better than the pre-intervention 
measure. 
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Figure 2a: Represents the average number of fixations for both 2X and 4X training groups at differing measurement 
periods (e.g. pre-intervention, post-intervention, 1 0-weeks post, 68-weeks post) 
Two-factor ANOVA analysis indicates no significant differences in the number of 
fixations {F (1, 18) =0.94, p=0.346} between the 2X and 4X groups. The data for fixations does 
reveal a significant correlation with the 4 different time periods {F (3, 54) =49.49, p=O.OOl} and 
also with the interaction effect between groups {F (3, 54) =2.95, p=0.041}. Fixations at post-
intervention, 1 0-weeks, and 68-weeks are significantly different from pre-training, but the three 
post-training measures do not significantly differ from one another. 
Regressions: 
Regression values from Table 2 are graphically shown below in Fig 2b. There is a drop 
in the number of regressions from pre-intervention to post intervention for the 2X group subjects 
and a sharp drop for the 4X group. At 10-weeks post-intervention, there is a slight increase in 
the number of regressions that continues to 68-weeks, suggesting greater decline for 4X group 
subjects. There is a nearly 50% improvement in the number of regressions at 68-weeks post-
training compared to the pre-intervention measure. 
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Figure 2b: Represents the average number of Regressions for both 2X and 4X training groups at differing 
measurement periods (e.g. pre-intervention, post-intervention, 10-weeks post, and 68-weeks post). 
Results of the 2-factor ANOVA on regressions indicates a lack of significance {F (1, 18) 
=1.36, p=0.259} when the 2 groups were compared to each other. The data does reveal a 
significant correlation with the 4 different time periods {F (3, 54) =30.39, p=O.OOl} and also 
with the interaction effect between groups {F (3, 54) =5.13, p=0.003}. The number of 
regressions at post-intervention, 1 0-weeks, and 68-weeks are significantly different from pre-
training, but the three post-training measures do not significantly differ from one another. 
Reading with Comprehension Rate: 
Reading Rate values from Table 2 are graphically shown below in Fig 2c. There is an 
obvious increase in the reading rate from the pre-intervention to post intervention period 
followed by a slight decline in rate for the later measurement periods. Only minor reading rate 
differences are seen betvveen the 4X and 2X group subjects. Reading rate at 68-weeks post-
raining is still nearly 30% faster than before intervention. 
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Figure 2c: Represents the average Reading Rate with Comprehension for both 2X and 4X training groups at 
differing measurement periods (e.g. pre-intervention, post-intervention, 10-weeks post, and 68-weeks post) 
Two-factor ANOVA analysis of reading rate indicated no significant differences {F (1, 
18) =0.19, p=0.671} when the 2 groups were compared, and no significant interaction effect 
between the two groups were found {F (3, 54) =0.85, p=0.471 }. There was a significant 
correlation effect for the four different time periods {F (3, 54) =38.90, p=O.OOl}. Analytical also 
reveals no significance between measurements immediately post intervention until 68-weeks 
post. Reading rate at post-intervention, 10-weeks, and 68-weeks was significantly different from 
pre-training, but the three post-training measures did not significantly differ from one another. 
Relative Efficiency: 
Relative efficiency (RE) is not a direct measure but an aggregate of the reading rate with 
comprehension divided by the sum of fixations plus regressions (RE = Rate/Fixations + 
Regressions). According to Instructional/Communications Technology Inc (1 0 Stepar Place, 
Huntington Station, New York 117 46), RE is a composite of the three most developmental 
reading eye movement measures and serves as a grade equivalency measure of relative reading 
efficiency. Figure 2d illustrates the Relative Efficiency values from pre-intervention to post-
intervention. RE improved secondary to training then trends back but does not reach baseline. 
At 68-weeks post-intervention, RE is still nearly 50% better than before training. Both 
improvement and decline appears to be greater for the 4X group than the 2X group. 
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Figure 2d: Represents the Relative efficiency for both 2X and 4X training groups at differing measurement periods 
(e.g. pre-intervention, post-intervention, 1 0-weeks post, 68-weeks post) 
Two-factor ANOV A analysis of relative efficiency indicated no significant differences 
{F (1, 18) =0.25, p=0.620} when the 2 groups were compared, and no significant interaction 
effect between the two groups were found {F (3, 54) =0.69, p=0.562}. There was a significant 
correlation effect for the four different time periods {F (3, 54) =30.08, p=0.001}. The data also 
reveals that the RE compared to the data from post, and 1 0-weeks post has no significant value. 
The following five tables below list individual data for each subject and the four Visagraph II 
parameters results are listed for the four different measurement periods (Table 3). 
Pre intervention 
Subjects FIXATIONS REGR RATEw/COMP Relative efficiency 
1 (2X) 75 5 336.5 4.21 
2 (2X) 93 8 233.5 2.31 
3 (2X) 121.5 17 181 1.31 
4 (2X) 98.5 9 299.5 2.79 
5 (2X) 93.5 7 231 2.30 
6 (2X) 67 7.5 310 4.16 
7 (2X) 83 8 275 3.02 
8 (2X) 84 6.5 292 3.23 
9 (2X) 90.5 15 277 2.63 
10 (4X) 91 13.5 278.5 2.67 
11 (4X) 102.5 15 192 1.63 
12 (4X) 95 18 239 2.12 
13(4X) 82 7.5 297.5 3.32 
14 (4X) 104 11 207.5 1.80 
15 (4X) 114 16.5 214.5 1.64 
16 (4X) 169 45.5 149.5 0.70 
17 (4X) 89 19 311 2.88 
18 (4X) 111 .5 10.5 223 1.83 
19(4X) 99.5 6.5 207 1.95 
20 (4X) 109.5 25.5 229.5 1.70 
Averages 98.65 13.575 249.225 2.41 
StDEV 21.30 9.25 50.51 0.90 
Post intervention 
Subjects FIXATIONS REGR RATEw/COMP Relative efficiency 
1 (2X) 65.5 4.5 400.5 5.72 
2 (2X) 65.5 5.5 356.5 5.02 
3 (2X) 109 10.5 207 1.73 
4 (2X) 50.5 5 594.5 10.71 
5 (2X) 63.5 1.5 355 5.46 
6 (2X) 53 3 474 8.46 
7 (2X) 75 7.5 298 3.61 
8 (2X) 57 1.5 517.5 8.85 
9 (2X) 72.5 7.5 394.5 4.93 
10 (4X) 58.5 4 512.5 8.20 
11 (4X) 70.5 2.5 378.5 5. 18 
12(4X) 80.5 10 300 3.31 
13 (4X) 52.5 2 533 9.78 
14 (4X) 52.5 0.5 500.5 9.44 
15 (4X) 58 2 551 9.18 
16 (4X) 139 36 179.5 1.03 
17 (4X) 74 6.5 377 4.68 
18 (4X) 83 3 307.5 3.58 
19 (4X) 64.5 1 362 5.53 
20 (4X) 56 2.5 509 8.70 
Averages 70.025 5.825 405.4 6.16 
StDEV 21.33 7.67 115.36 2.82 
1 0-weeks post intervention 
Subjects FIXATIONS REGR RATEw/COMP Relative efficiency 
1 (2X) 65.5 4 461 6.63 
2 (2X) 80.5 5 325 3.80 
3 (2X) 104 10 228.5 2.00 
4 (2X) 51 0.5 527.5 10.24 
5 (2X) 69.5 2 327 .5 4.58 
6 (2X) 53 4 491.5 8.62 
7 (2X) 80 6.5 304 3.51 
8 (2X) 58 6 513 8.02 
9 (2X) 65.5 6 394.5 5.52 
10 (4X) 57 5.5 528.5 8.46 
11 (4XJ 66.5 4.5 371 5.23 
12 (4X) 88 10.5 280.5 2.85 
13 (4X) 55.5 0 462.5 8.33 
14 (4X) 58 3.5 420 6.83 
15 (4X) 70.5 2.5 421 5.77 
16 (4X) 132 29 197 1.22 
17 (4X) 63 5.5 418 6.10 
18(4X) 77.5 3 305 3.79 
19 (4X) 65.5 3.5 306.5 4.44 
20 (4X) 55.5 2.5 524 9.03 
Averages 70.8 5.7 390.325 5.75 
StDEV 19.50 6.09 102.56 2.51 
68-weeks post intervention 
Subjects FIXATIONS REGR RATE w/ COMP Relative efficiency 
1 (2X)_ 70 4 362.6 4.90 
2 (2X) 72.3 5.3 331 .3 4.27 
3 (2X) 106.3 11 .3 201.3 1.71 
4 (2X) 73.3 5.7 383.7 4.86 
5 (2X) 68.7 0.67 338 4.87 
6 (2X) 50.7 5.7 501 8.88 
7 (2X) 74.3 6.3 310 3.85 
8 (2X) 56 1.33 505 8.81 
9 (2X) 67.3 5 367.3 5.08 
10 (4X) 58 2.33 491 8.14 
11 (4X) 77.7 4.33 309.6 3.77 
12 (4X) 94 15.7 269.7 2.46 
13 (4X) 54.7 1.33 497.7 8.88 
14 (4X) 66 2.67 355.3 5.17 
15 (4X) 85 8.7 391.3 4.18 
16 (4X) 113.7 24.3 222 1.61 
17 (4X) 75.3 8 352 4.23 
18 (4X) 115 13.7 203.3 1.58 
19 (4X) 80 5.3 293.3 3.44 
20 (4X) 72.3 5.7 370.7 4.75 
Averages 76.53 6.868 352.805 4.77 
StDEV 18.35 5.70 93.34 2.31 
. . Table 3: D1splays the subJect s mdJv Jd ual scores pre, post, 10-weeks post, and 68-weeks post as deterrnmed usmg the Y1sagraph II system. 
OEM Test Ratio (Horizontal time I Vertical Time} 
Subject PRE POST 10-weeks 68-weeks 
1 (2X) 0.96 0.93 0.98 0.97 
2 (2X) 1.1 2 1.00 1.02 0.97 
3 (2X) 1.04 0.96 1.00 0.98 
4 (2X) 0.89 0.89 0.95 0.95 
5 (2X) 1.25 1.11 1.00 1.15 
6 (2X) 1.14 0.97 0.90 1.04 
7 (2X) 1.04 0.92 1.02 0.98 
8 (2X) 1.11 1.00 0.90 1.05 
9 (2X) 1.07 1.00 0.87 0.80 
Average 1.07 0.98 0.96 0.99 
10 (4X) 1.05 0.91 0.84 0.93 
11 (4X) 1.05 1.04 0.91 1.12 
12 (4X) 0.95 1.00 1.04 1.00 
13 (4X) 0.88 1.00 0.94 0.81 
14 (4X) 1.00 0.95 1.02 0.96 
15 (4X) 0.95 1.00 1.03 0.90 
16 (4X) 0.97 1.24 0.96 1.00 
17 (4X) 1.05 1.05 1.00 0.92 
18 (4X)_ 1.00 0.95 0.96 0.92 
19 (4X) 1.00 0.95 0.89 0.96 
20 (4X) 0.96 0.91 0.98 1.04 
Average 0.99 1.00 0.96 0.96 
.. Table 4: Represents mdividual Honzontai!Vemcal (HIV) ratiOs for DEM measurements 
DISCUSSION: 
The principal goal of our study was to investigate potential short-term and long-term 
retention of reading eye movement skills gained from an on-line, computer-based, Reading Plus 
Program. A secondary goal was to analyze retention results from the two Bragg intervention 
groups for potential differences in retention of improvements. Although we were able only to 
recruit a subset of the original Bragg et. al. subjects for our study, we measured their mean 
reading eye movement skills as significantly better than baseline more than one year after 
intervention. Our objective data clearly shows sustained improvement for all Visagraph II 
factors analyzed ( fixations/1 00 words, number of regressions/1 00 words, reading rate with 
comprehension, and relative reading efficiency). This was true for both 2X and 4X groups 
individually, and when all subjects were combined into a single group. 
Analysis of our longitudinal data indicates that reading eye movement improvements 
achieved immediately post-intervention, were retained both after 1 0-weeks and 68-weeks post-
intervention. Compared to the pre-intervention baseline measures, post-interventions mean 
fixations, regressions, reading rate, and relative efficiency scores were significantly better at both 
1 0-weeks and 68-weeks than before training. Although there was a skills regression trend that 
was apparent at 68-weeks (slightly greater for 4X per week training subjects), this decline did not 
achieve significance relative to immediate post-training performance, or even relative to the 10-
weeks post-intervention results. 
Looking at the 20 subjects individually, certain individuals displayed more noteworthy 
improvement than others. For example, four grade levels of relative efficiency improvement 
were seen with subject number 16 (4X group). He initially started with aRE of0.70 (3rd grade 
reading level), but 68-weeks after intervention he had improved to an RE of 1.61 (grade level 
between i 11 and 8111). Subject number 6 (2X group) demonstrated an RE of 8.88 or two years 
worth of growth 68-week post-intervention (grade level between 16th and 1 ih), after starting 
from an RE of just 4.16 (grade level between 14th and 151h). Subject number 13 (4X group) 
started with an RE of3.32 (grade level between 13th and 141h) and advanced to an RE of8.88 
(grade level between 161h and 1 i\ 68-weeks after training. Such improvements were not 
uncommon, indicating that regardless of initial efficiency level, training with the Taylor and 
Associates Reading Plus Program lead to sustained improvements in eye movement efficiency. 
An interesting follow up question is whether these objective improvements were 
subjectively perceived by individual participants. To answer that question, an anonymous survey 
was given to each of the twenty participants. Each person was asked whether or not he or she 
had noticed a difference in subjective performance on the DEM test and Visagraph II 68-weeks 
post-intervention. Thirteen subjects provided feedback and the predominant response was that 
most subjects did not generally notice obvious improvements in eye movement efficiency or 
reading efficiency, despite objective data to the contrary. A similar study by Tran et. al. gave 
subjects a similar questionnaire asking whether they had noticed any improvements in one or 
more the parameters tested for eye movements or oculomotor skills following a ten week training 
program. The results from the Tran et. al. survey revealed that all subjects subjectively felt they 
had improved in one or more parameters. If given the questionnaire shortly after training, as was 
done in the Tran et. al. study, we speculate that differences from baseline eye movement 
efficiency could be more noticeable. 
Based upon the results of this longitudinal investigation, it appears that objective eye 
movement efficiency improvement secondary to P A/VE training is retained for at least one year 
following training. This study together with the Bragg et. al., study support the notion that the 
home-based computerized P A/VE training developed by Taylor and Associates can serve as a 
valuable tool for improving reading eye movements with non-reading disabled adults and that 
improvement is maintained for at least one year. 
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